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(54) SEMICONDUCTOR ENERGY DETECTOR 



(57) A photodiode array 1 includes P + diffusion lay- 
ers 4 and 5, N + channel stop layers 6 and 7, an N + dif- 
fusion layer 8 and the like. The P + diffusion layers 4 and 

5 and the N+ channel stop layers 6 and 7 are provided 
on a surface side opposite to an incident surface of a 
semiconductor substrate 3. The N + channel stop layer 

6 is provided between the P + diffusion layers 4, 5 adja- 



cent to each other, and exhibits a form of lattice so as 
to separate the P 4 diffusion layers 4, 5. The N + channel 
stop layer 7 is provided in the form of frame on the out- 
side of an array of the P + diffusion layer 5 continuously 
with the N + channel stop layer 6. The N + channel stop 
layer 7 is set wider than the N + channel stop layer 6. To 
the incident surface of the semiconductor substrate 3, 
a scintillator is opticaily connected. 
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Description 
TECHNICAL FIELD 

[0001 J The present invention relates to a semiconduc- 
tor energy detector for detecting an energy ray such as 
radiation. 

BACKGROUND ART 

[0002] As this type of the semiconductor energy de- 
tector, for example, one as disclosed in Japanese Pat- 
ent Laid-Open Publication H5-1 50049 (published in 
1 993) has been known. This semiconductor energy de- 
tector disclosed in Japanese Patent Laid-Open Publica- 
tion H5-1 50049 includes an N-type silicon wafer. A large 
number of grooves are formed on a surface of this silicon 
wafer, and a P-type diffusion layer is formed so as to be 
located on a bottom portion of each groove. Then, an 
electrode composed of metal such as aluminum is 
formed on the surface side of the silicon wafer, and is 
electrically connected to a part of the P-type diffusion 
layer. On a full back surface side thereof, an electrode 
composed of metal such as aluminum is formed. More- 
over, a scintillator is fixed to each groove in an insertion 
manner. 

DISCLOSURE OF THE INVENTION 

[0003] However, since the electrode is provided on an 
incident surface side (surface side of the silicon wafer) 
of scintillation light (radiation) in the semiconductor en- 
ergy detector constituted as described above, it be- 
comes impossible to detect the scintillation light in a por- 
tion where the eiectrode is provided. Thus, there have 
been limitations on enlarging an area of a portion where 
it becomes possible to detect the scintillation light in the 
semiconductor energy detector. 
[0004] The present invention was created in consid- 
eration of the above-described point An object of the 
present invention is to provide a semiconductor energy 
detector capable of enlarging the area of the portion 
where it becomes possible to detect the energy ray. 
[0005] in order to attain the foregoing object, a semi- 
conductor energy detector of the present invention in- 
cludes: a semiconductor substrate comprised of a sem- 
iconductor of a first conductivity type, onto which an en- 
ergy ray of a predetermined wavelength range is inci- 
dent from an incident surface thereof, characterized in 
that a diffusion layer of a second conductivity type, the 
diffusion layer being comprised of a semiconductor of 
the second conductivity type, and a diffusion layer of a 
first conductivity type, the diffusion layer being com- 
prised of a semiconductor of the first conductivity type 
higher in impurity concentration than the semiconductor 
substrate, are provided on a surface opposite to the in- 
cident surface of the semiconductor substrate. 
[0006] Since the diffusion layer of the second conduc- 



tivity type and the diffusion layer of the first conductivity 
type are provided on the surface opposite to the incident 
surface of the semiconductor substrate, no electrode is 
provided on the incident surface of the semiconductor 
s substrate, thus making it possible to enlarge the area of 
the portion where it becomes possible to detect the en- 
ergy ray. 

[0007] The semiconductor energy detector of the 
present invention may be characterized in that a scintil- 
10 lator is optically connected to the incident surface of the 
semiconductor substrate. 

[0008] Since the scintillator is optically connected to 
the incident surface of the semiconductor substrate, the 
area of the portion where it becomes possible to detect 

1* the scintillation light can be enlarged. 

[0009] The semiconductor energy detector of the 
present invention may be characterized in that, in the 
semiconductor substrate, a region that is not depleted 
from the surface opposite to the incident surface of the 

20 semiconductor substrate to the incident surface is pro- 
vided in a completely depleted state where depletion is 
performed from the surface opposite to the incident sur- 
face of the semiconductor substrate to the incident sur- 
face. 

25 [0010] In the semiconductor substrate, the region that 
is not depleted from the surface opposite to the incident 
surface of the semiconductor substrate to the incident 
surface is provided in the completely depleted state 
where the depletion is performed from the surface op- 

30 posite to the incident surface of the semiconductor sub- 
strate to the incident surface. Thus, when a bias voltage 
is being applied through the diffusion layer of the first 
conductivity type, the adjacent depletion layers are con- 
nected below the diffusion layer of the first conductivity 

35 type, and the bias voltage cannot be applied to the dif- 
fusion layer of the first conductivity type any more. How- 
ever, in the semiconductor substrate, the region that is 
not depleted from the surface opposite to the incident 
surface of the semiconductor substrate to the incident 

40 surface is provided in the completely depleted state 
where the depletion is performed from the surface op- 
posite to the incident surface of the semiconductor sub- 
strate to the incident surface. Thus, even after the adja- 
cent depletion layers are connected below the diffusion 

45 layer of the first conductivity type, the bias voltage can 
be continuously applied through the region that is not 
depleted from the surface opposite to the incident sur- 
face of the semiconductor substrate to the incident sur- 
face, thus making it possible to further deplete the sem- 

50 iconductor substrate. As a result of this, it becomes pos- 
sible to restrict the lowering of a detection sensitivity and 
a response rate for the energy ray. 
[0011] The semiconductor energy detector of the 
present invention may be characterized in that the dif- 

55 fusion layer of the first conductivity type includes: a first 
diffusion layer of thefirst conductivity type forseparating 
the diffusion layers of the second conductivity type, the 
first diffusion layer of the first conductivity type being 



2 



3 



EP 1 280 207 A1 



4 



provided between the diffusion layers of thesecond con- 
ductivity type; and a second diffusion layer of the first 
conductivity type formed to be wider than the first diffu- 
sion layer of the first conductivity type, the second dif- 
fusion layer of the first conductivity type being provided 
on the outside of an array of the diffusion layers of the 
second conductivity type. 

[0012] The diffusion layer of the first conductivity type 
includes: the first diffusion layer of the first conductivity 
type for separating the diffusion layers of the second 
conductivity type, the diffusion layer of the first conduc- 
tivity type being provided between the diffusion layers 
of the second conductivity type; and the second diffu- 
sion layer of thefirst conductivity type formedto be wider 
than the first diffusion layer of the first conductivity type, 
the second diffusion layer of the first conductivity type 
being provided on the outside of the array of the diffusion 
layers of the second conductivity type. Thus, a consti- 
tution capable of providing the region that is not depleted 
from the surface opposite to the incident surface of the 
semiconductor substrate to the incident surface in the 
completely depleted state where the depletion is per- 
formed from the surface opposite to the incident surface 
of the semiconductor substrate to the incident surface 
can be realized in the semiconductor substrate simply 
at low cost. 

[0013] Moreover, the semiconductor energy detector 
of the present invention may be characterized in that a 
sum of a width of the diffusion layer of the second con- 
ductivity type adjacent to the second diffusion layer of 
the first conductivity type and a width of the second dif- 
fusion layer of the first conductivity type is set equal to 
a sum of a width of the diffusion layer of the second con- 
ductivity type that is not adjacent to the second diffusion 
iayer of the first conductivity type and a width of the first 
diffusion layer of the first conductivity type. 
[0014] The sum of the width of the diffusion layer of 
the second conductivity type that is adjacent to the sec- 
ond diffusion layer of the first conductivity type and the 
width of the second diffusion layer of the first conductiv- 
ity type is set equal to the sum of the width of the diffu- 
sion layer of the second conductivity type that is not ad- 
jacent to the second diffusion layer of the first conduc- 
tivity type and the width of the first diffusion layer of the 
first conductivity type. Thus, a width of a unit region in- 
cluding the diffusion layer of the second conductivity 
type adjacent to the second diffusion layer of the first 
conductivity type becomes equal to a width of a unit re- 
gion including the diffusion layer of the second conduc- 
tivity type that is not adjacent to the second diffusion lay- 
er of the first conductivity type. Thus, particularly in the 
case of arraying a plurality of the semiconductor sub- 
strates, each having the diffusion layer of the second 
conductivity type and the diffusion layer of the first con- 
ductivity type provided therein, widths of all the unit re- 
gions become equal, thus making it possible to further 
enlarge the area of the portion where it becomes possi- 
ble to detect the energy ray. 



[0015] Moreover, the semiconductor energy detector 
of the present invention maybe characterized in that the 
second diffusion iayer of thefirst conductivity type is pro- 
vided on a periphery of the semiconductor substrate. 

5 [0016] The second diffusion layer of the first conduc- 
tivity type is provided on the periphery of the semicon- 
ductor substrate. Thus, on the periphery of the semicon- 
ductor substrate, the undepleted region exists below the 
second diffusion iayer of the first conductivity type, and 

10 thus it is possible to restrict the increase of a leakage 
current generated by a connection of the depletion layer 
to the periphery of the semiconductor substrate. 
[001 7] Moreover, the semiconductor energy detector 
of the present invention may be characterized in that a 

15 plurality of the diffusion layers of the second conductivity 
type are arrayed at a predetermined interval, the first 
diffusion layers of the first conductivity type for separat- 
ing the diffusion layer of the second conductivity type is 
provided between the diffusion layers of the second con- 

20 ductivity type, the first diffusion layers being comprised 
of the semiconductor of the first conductivity type higher 
in impurity concentration than the semiconductor sub- 
strate, and the second diffusion layer of the first conduc- 
tivity type is provided on an outside of an array of the 

25 diffusion layers of the second conductivity type, the sec- 
ond diffusion layer being formed to be wider than the 
first diffusion layer of the first conductivity type and being 
comprised of the semiconductor of the first conductivity 
type higher in impurity concentration than the semicon- 

30 ductor substrate. 

[0018] The diffusion layers of the second conductivity 
type, thefirst diffusion iayer of the first conductivity type 
and the second diffusion iayer of the first conductivity 
type are provided on the surface side opposite to the 

35 incident surface of the semiconductor substrate. There- 
fore, no insensitive region caused by extracting an elec- 
trode is formed on the incident surface side of the energy 
ray, thus making it possible to enlarge the area of the 
portion where it becomes possible to detect the energy 

40 ray. 

[0019] When the bias voltage is being applied through 
the first diffusion iayer of the first conductivity type, the 
depletion layers adjacent to each other are connected 
below the first diffusion layer of the first conductivity 

45 type, and the bias voltage cannot be applied to the first 
diffusion layer of the first conductivity type any more. 
However, on the outside of the array of the diffusion lay- 
ers of the second conductivity type, the second diffusion 
layer of the first conductivity type is provided, which is 

50 formed to be wider than the first diffusion layer of the 
first conductivity type and comprised of the semiconduc- 
tor of the first conductivity type higher in impurity con- 
centration than the semiconductor substrate. Therefore, 
even after the adjacent depletion layers are connected 

55 to each other below the first diffusion layer of the first 
conductivity type, the bias voltage can be continuously 
applied through the second diffusion layer of the first 
conductivity type, thus making it possible to further ad- 
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vancethe depletion of the semiconductor substrate. As 
a result of this, in the semiconductor energy detector, it 
becomes possible to restrict the lowering of a detection 
sensitivity and a response rate for the energy ray. 
[0020] Moreover, the semiconductor energy detector s 
of the present invention may be characterized in that the 
sum of a width of the diffusion layer of the second con- 
ductivity type adjacent to the second diffusion layer of 
the first conductivity type and the width of the second 
diffusion layer of the first conductivity type is set equal 
to the sum of the width of the diffusion layer of the sec- 
ond conductivity type that is not adjacent to the second 
diffusion layer of the first conductivity type and the width 
of the first dif usion layer of the first conductivity type. 
[0021] The sum of the width of the diffusion layer of 
the second conductivity type adjacent to the second dif- 
fusion layer of the first conductivity type and the width 
of the second diffusion layer of the first conductivity type 
is set equal to the sum of the width of the diffusion layer 
of the second conductivity type that is not adjacent to 
the second diffusion layer of the first conductivity type 
and the width of the first diffusion layer of the first con- 
ductivity type. Thus, a width of a unit region including 
the diffusion layer of the second conductivity type adja- 
cent to the second diffusion layer of the first conductivity 
type becomes equal to a width of a unit region including 
the diffusion layer of the second conductivity type that 
is not adjacent to the second diffusion layer of the first 
conductivity type. Thus, particularly in the case of array- 
ing a plurality of the semiconductor energy detectors of 
the present invention, the widths of all the unit regions 
become equal, thus making it possible to further enlarge 
the area of the portion where it becomes possible to de- 
tect the energy ray. 

[0022] Moreover, the semiconductor energy detector 
of the present invention may be characterized in that the 
second diffusion layer of the first conductivity type is pro- 
vided on a periphery of the semiconductor substrate. 
[0023] The second diffusion layer of the first conduc- 
tivity type is provided on the periphery of the semicon- 
ductor substrate. Thus, on the periphery of the semicon- 
ductor substrate, the undepleted region exists below the 
second diffusion layer of the first conductivity type, and 
thus it is possible to restrict the increase of a leakage 
current generated by a reach of the depletion layer to 
the periphery of the semiconductor substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

Fig. 1 is a perspective view showing an energy ray 
detector. 

Fig. 2 is a plan view showing a back-surface-inci- 
dent-type photodiode array included in the energy 
ray detector. 

Fig. 3 is a schematic view showing a cross-sectional 
structure of the back-surface-incident-type photodi- 



ode array included in the energy ray detector. 
Fig. 4 is a schematic view showing a cross-sectional 
structure of the back-surface- incident-type photodi- 
ode array included in the energy ray detector. 
Fig, 5 is a schematic view showing a cross-sectional 
structure of the back-surface- incident-type photodi- 
ode array included in the energy ray detector. 
Fig. 6 is a plan view showing a state where the back- 
surface-incident-type photodiode arrays, each be- 
ing included in the energy ray detector, are arrayed 
in the form of matrix. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0025] Description will be made for an energy ray de- 
tector accordingto an embodiment of the present inven- 
tion with reference to the drawings. Note that, in the re- 
spective drawings, the same reference numerals will be 
used for the same elements or elements having the 
same functions, and repeated description will be omit- 
ted. 

[0026] As shown in Fig. 1 , an energy ray detector R 
includes a photodiode array 1 and a scintillator 2, and 
functions as a radiation detector. The scintillator 2 is op- 
tically connected to one surface (incident surface) side 
of the photodiode array 1 , and is constituted such that 
scintillation light occurring when radiation is incident on- 
to the scintillator2 is made incident onto the photodiode 
array 1. Note that, on the surface of the scintillator 2, 
onto which the radiation is incident, Al, Cr or the like may 
be evaporated to form a reflection film that transmits the 
incident radiation therethrough and reflects the scintil- 
lation light from the scintillator 2. 
[0027] Next, description will be made for a constitution 
of the photodiode array 1 with reference to Fig. 2 and 
Fig. 3. In this embodiment, as the photodiode array 1 , a 
back-surface-incident-type photodiode array of a com- 
plete depletion type, of which number of photodiodes is 
25 (5x5), is used. 

[0028] As shown in Fig. 2 and Fig. 3, the back-sur- 
faGe-incident-type photodiode array 1 includes a semi- 
conductor substrate 3, and on this semiconductor sub- 
strate 3, the photodiode array is formed. The semicon- 
ductor substrate 3 is composed of a high-resistance N- 
type silicon substrate having a wafer thickness of 0.3 
mm and a specific resistance of 5 kO-cm. 
[0029] The photodiode array 1 includes P + diffusion 
layers 4 and 5 as diffusion layers of a second conduc- 
tivity type, an N + channel stop layer 6 as a first diffusion 
layer of afirst conductivity type, an N+ channel stop layer 
7 as a second diffusion layer of the first conductivity 
type, an N+ diffusion layer 8, wiring 9 composed of alu- 
minum or the like, and an AR (anti-reflective) coating 
layer 10. The P+ diffusion layers 4 and 5 and the N + 
channei stop layers 6 and 7 are provided on a surface 
side opposite to the incident surface of the semiconduc- 
tor substrate 3, onto which the scintiiiation light is inci- 
dent from the scintiiiator 2. The N+ diffusion layer 8 is 
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provided on an incident surface side of the semiconduc- 
tor substrate 3, onto which the scintillation light is inci- 
dent from the scintillator 2. On the N + diffusion layer 8, 
the AR (anti-reflective) coating layer 1 0 is provided. The 
rM + diffusion layer 8 is composed of a semiconductor of 
the first conductivity type higher in impurity concentra- 
tion than the semiconductor substrate 3, and a surface 
concentration thereof is set at approximately 1 .0X1 0 19 
cm* 3 . The scintillator 2 is optically connected to the sur- 
face (incident surface) opposite to the surface of the 
semiconductor substrate 3, on which the P+ diffusion 
layers 4 and 5 and the N + channel stop layers 6 and 7 
are provided. 

[00301 The P+ diffusion layers 4 and 5 have surface 
concentrations set at approximately 1 .Ox 1 0 20 cnrr 3 , and 
5x5 (25) elements thereof are arrayed at a predeter- 
mined interval (in this embodiment, approximately 500 
jim) spaced therebetween. 

[0Q31] The N + channel stop layer 6 is composed of 
the semiconductor of the first conductivity type higher in 
impurity concentration than the semiconductor sub- 
strate 3, and a surface concentration of the N + channel 
stop layer 6 is set at approximately 1.0X10 19 cnrr 3 . 
Moreover, the N+ channel stop layer 6 is provided be- 
tween the P + diffusion layers 4, 5 adjacentto each other, 
and exhibits a lattice shape so as to separate the P+ 
diffusion layers 4, 5. Intervals between the P+ diffusion 
layer 4, 5 and the N+ channel stop layer 6 are set at 
approximately 150 um A width of the N + channel stop 
layer 6 is set at approximately 200 u.m. 
[0032] The N + channel stop layer 7 is composed of 
the semiconductor of the first conductivity type higher in 
impurity concentration than the semiconductor sub- 
strate 3, and a surface concentration of the N + channel 
stop layer 7 is set at approximately 1.0X10 19 cm" 3 . 
Moreover, the N+ channel stop layer 7 is provided in the 
form of frame on the outside of the array of the P+ diffu- 
sion layers 4 and 5 continuously with the N + channel 
stop layer 6. An interval between the N + diffusion layer 
5 and the N+ channel stop layer 7 is set at approximately 
300 jtm, and a distance from the N + diffusion layer 5 
including the N + channel stop layer 7 to a periphery of 
the semiconductor substrate 3 is approximately 900 um 
A width of the N + channel stop layer 7 is set at approx- 
imately 600 |xm, and the IM+ channel stop layer 7 is set 
wider than the N + channel stop layer 6. 
[0033] The P + diffusion layer 5 that is adjacent to the 
N + channel stop layer 7 is set shorter in width as com- 
pared with the P+ diffusion layer 4 that is not adjacent 
to the N+ channel stop layer 7. The sum of the width of 
the P+ diffusion layer 5 that is adjacentto the N + channel 
stop layer 7 and the width of the N+ channel stop layer 
7 is set equal to the sum of the width of the P+ diffusion 
layer 4 that is not adjacent to the N + channel stop layer 
7 and the width of the N + channel stop layer 6. Thus, 
though an area of the P + diffusion layer 5 becomes 
smaller than an area of the P + diffusion layer 4 5 a width 
of a photodiode unit cell (unit region) including the P+ 



diffusion layer 5 becomes equal to the width of the pho- 
todiode unit cell (unit region) including the P + diffusion 
layer 4. Therefore, the areas of the photodiode unit cells 
(unit regions) of the photodiode array 1 become all 
5 equal. 

[0034] On the wiring 9 electrically connected to each 
of the P + diffusion layers 4 and 5 and the N + channel 
stop layers 6 and 7, a bump 11 is formed. Electrical con- 
nections of the P + diffusion layers 4 and 5 and the N + 

10 channel stop layers 6 and 7 are made on the surface 
side opposite to the incident surface of the semiconduc- 
tor substrate 3. The bump 11 is connected to an output 
readout circuit (not shown) by flip chip bonding. 
[0035] Next, description will be made for an operation 

is of the photodiode array 1 constituted as described 
above with reference to Fig, 4 and Fig. 5. 
[0036] First, in the case of using the photodiode array 
1 by applying a positive bias voltage to the N+ channel 
stop layers 6 and 7, depletion layers 12 in accordance 

20 with a size of the bias voltage are formed in the semi- 
conductor substrate 3. In the photodiode array 1 , when 
the bias voltage is being applied through the N + channel 
stop layers 6 and 7, as shown in Fig. 4, the depletion 
layers 12 adjacent to each other are connected below 

25 the N+ channel stop layer 6 in a state where a voltage 
of approximately 1 00 V on the way of complete depletion 
is applied thereto. Thus, a state is brought, where a bias 
voltage more than or equal to the approximately 1 00 V 
described above cannot be applied to the N + channel 

30 stop layer 6. Note that, in a PIN-type photodiode using 
a high-resistance N-type silicon substrate having a spe- 
cific resistance of 5 k£2-cm, which is the same as the 
semiconductor substrate 3, usually, the complete deple- 
tion is achieved by applying a bias voltage of approxi- 

35 mateiy 110 V to 120 V. 

[0037] However, the N + channel stop layer 7 wider 
than the N+ channel stop layer 6 is provided on the out- 
side of the array of the P + diffusion layers 4 and 5 con- 
tinuously with the N+ channel stop layer 6. Therefore, 

40 from below the N + channel stop layer 7 to the incident 
surface side of the semiconductor substrate 3, a region 
13 where the depletion layer 12 is not formed exists as 
a region that is not depleted. Hence, since the region 13 
where the depletion layer 12 is not formed is provided 

45 from below the ISi + channel stop layer 7 to the incident 
surface side of the semiconductor substrate 3, the bias 
voltage can be applied to the N+ diffusion layer 8 through 
the N + channel stop layer 7 even after the adjacent de- 
pletion layers 12 are connected below the N+ channel 
50 stop layer 6. Therefore, the depletion in the semicon- 
ductor substrate 3 can be further advanced. 
[0038] The bias voltage is further applied continuous- 
ly even after the depletion layers 12 reach the N + diffu- 
sion layer 8, and thus it is possible to reduce or eliminate 
55 the insensitive region (depletion layer 12) below the N+ 
channel stop layer 6. By applying a bias voltage of ap- 
proximately 200 V, as shown in Fig. 5, the depletion lay- 
er 12 is expanded over the full incident surface (N+ dif- 
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fusion layer 8) of the semiconductor substrate 3, and the 
semiconductor substrate 3 is put in a state of being com- 
pletely depleted. Even in the state where the semicon- 
ductor substrate 3 Is completely depleted, as shown in 
Fig. 5, the region 13 where the depletion layer 12 is not 
formed is provided from below the N + channel stop layer 
7 to the incident surface side of the semiconductor sub- 
strate 3. 

[0039] In the state where the depletion layer 12 reach- 
es the N + diffusion layer 8 of the semiconductor sub- 
strate 3, when the scintillation light is incident from the 
scintillator 2 onto the incident surface of the semicon- 
ductor substrate 3, a photoelectric current generated in 
the depletion layer 12 is detected at a high speed in the 
photodiode array 1 . Moreover, since the photodiode unit 
cells including the P + diffusion layers 4 and 5 are ar- 
ranged in the form of matrix (multi-channelized), an in- 
cident position of the scintillation light is also detected 
in the photodiode array 1 . 

[0040] When the depletion layer 12 reaches to the pe- 
riphery of the semiconductor substrate 3, a leakage cur- 
rent is increased. However, since the N + channel stop 
layer 7 is set wider than the N+ channel stop layer 6, the 
region 13 where the depletion layer 1 2 is not formed ex- 
ists below the N + channel stop layer 7. Thus, it is pos- 
sible to restrict the increase of the leakage current in the 
periphery of the semiconductor substrate 3. 
[0041 ] As described above, the energy ray detector R 
includes the photodiode array 1 and the scintillator 2. 
On the surface side opposite to the incident surface of 
the semiconductor substrate 3 in the photodiode array 
1 , the P + diffusion layers 4 and 5 and the N + channel 
stop layers 6 and 7 are provided, and the scintillator 2 
is optically connected to the incident surface side of the 
semiconductor substrate 3. As described above, since 
no electrode is provided on the incident surface side of 
the semiconductor substrate 3, no insensitive region 
caused by extracting an electrode is formed, thus mak- 
ing it possible to enlarge an area of a portion where it 
becomes possible to detect radiation. 
[0042] Moreover, since no electrode is provided on 
the incident surface side of the semiconductor substrate 
3, the incident surface side of the semiconductor sub- 
strate 3 can be planarized, thus facilitating the scintilla- 
tor 2 to be optically connected thereto. 
[0043] When the bias voltage is being applied through 
the N + channel stop layer 6, the adjacent depletion lay- 
ers 12 are connected to each other below the N + chan- 
nel stop layer 6, and the bias voltage cannot be applied 
to the N + channel stop layer 6 any more. However, since 
the N+ channel stop layer 7 is provided on the semicon- 
ductor substrate 3 of the photodiode array 1 , the region 
13 where the depletion layer 12 is not formed is provided 
from below the N+ channel stop layer 7 to the incident 
surface side of the semiconductor substrate 3. Thus, 
even afterthe adjacent depletion layers 1 2 are connect- 
ed to each other beiow the N + channel stop layer 6, the 
bias voltage can be continuously applied through the N+ 



channel stop layer 7 5 and the depletion of the semicon- 
ductor substrate 3 can be further advanced, thus making 
it possible to completely deplete the semiconductor sub- 
strate 3. As a result of this, in the photodiode array 1 , it 

5 becomes possible to restrict the lowering of a detection 
sensitivity and a response rate for the energy ray. 
[0044] Moreover, the N + channel stop layer 7 set wid- 
er than the N + channel stop layer 6 is provided on the 
outside of the array of the P + diffusion layers 4 and 5, 

10 thus making it possible to provide the region 13 where 
the depletion layer 12 is not formed in the portion of the 
semiconductor substrate 3 from the surface provided 
with the N + channel stop layers 6 and 7 to the incident 
surface. As a result of this, a constitution capable of pro- 

15 viding the region 1 3 where the depletion layer 1 2 is not 
formed can be realized simply at low cost. 
[0045] Note that the photodiode array 1 is basically 
used in a completely depleted state where the depletion 
layers 12 are expanded overthefuil incident surface (N + 

20 diffusion layer 8). In this completely depleted state, the 
depletion layers 1 2 are al I connected below the N + chan- 
nel stop layer 6, and the depletion layers 12 reach the 
vicinities of the peripheries of the semiconductor sub- 
strate 3, Since this expansion of the depletion layers 12 

25 to the vicinities of the peripheries of the semiconductor 
substrate 3 can be adjusted by the applied bias voltage, 
even if the P+ diffusion layer 5 is made small, it is pos- 
sible to expand the depletion layer 1 2 to the vicinities of 
the peripheries of the semiconductor substrate 3. Thus, 

30 even in the case of setting the width (area) of the P + 
diffusion layer 5 smaller than the width (area) of the P + 
diffusion layer 4, carriers generated in the depletion lay- 
er 1 2 are collected to the P + diffusion layer 5. As a result 
of this, a reduction of the sensitive region of the photo- 

35 diode array 1 is restricted, and a light sensitivity of the 
photodiode array 1 for the scintillation light is restricted 
from being affected. 

[0046] Moreover, as shown in Fig. 6, the photodiode 
array 1 can be used such that a plurality of the photodi- 

40 ode arrays 1 are arrayed in the form of matrix. 

[0047] The sum of the width of the P + diffusion layer 
5 that is adjacent to the N + channel stop layer 7 and the 
width of the N + channel stop layer 7 is set so as to be 
equal to the sum of the width of the P + diffusion layer 4 

45 that is not adjacent to the N+ channel stop layer 7 and 
the width of the N + channel stop layer 6. Thus, as shown 
in Fig. 6, the width "a H of the photodiode unit cell (unit 
region) including the P + diffusion layer 5 becomes equal 
to the width n a" of the photodiode unit cell (unit region) 

so inciudingthe P + diffusion layer 4. Thus, the areas of the 
photodiode unit cells (unit regions) in the photodiode ar- 
ray 1 become ail equal. As a result of this, in the case 
of arranging the plurality of photodiode arrays 1 in the 
form of matrix, the energy ray can be readily detected 

55 by a large area, and the incident position of the energy 
ray can be suitably detected. 

[0048] Note that the N + channel stop layer 7 does not 
have to be provided on the periphery of the semicon- 
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ductor substrate 3, and may be provided on a position 
of any of the N + channel stop layers 6 (position between 
the photodiode unit cells). However, since the region 13 
below the N + channel stop layer 7 is not depleted, an 
insensitive region exists between the photodiode unit 5 4. 
cells of the photodiode array 1 . Hence, in order to avoid 
two phenomena: an insensitive region exists between 
the photodiode unit ceils of the photodiode array 1 ; and 
a leakage current is generated in the periphery of the 
semiconductor substrate 3, preferably, the N + channel 10 
stop layer 7 is provided on the periphery of the semicon- 
ductor substrate 3. 

[0049] The present invention is not limited to the 
above-described embodiment, and the foregoing nu- 
merical values and the like can be appropriately is 
changed and set. Moreover, the present invention can 
be applied to a variety of semiconductor energy detec- 
tors other than the radiation detector. 

INDUSTRIAL APPLICABILITY 

[0050] The present invention can be utilized for the 
semiconductor energy detector such as the radiation 
detector. 
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Claims 

1. A semiconductor energy detector, comprising: 

a semiconductor substrate comprised of a sem- 
iconductor of a first conductivity type, onto 
which an energy ray of a predetermined wave- 
length range is incident from an incident sur- 
face thereof, 35 6 - 

wherein a diffusion layer of a second conduc- 
tivity type comprised of a semiconductor of a sec- 
ond conductivity type and a diffusion layer of thefirst 
conductivity type comprised of a semiconductor of 
thefirst conductivity type higher in impurity concen- 
tration than said semiconductor substrate are pro- 
vided on a surface opposite to the incident surface 
of said semiconductor substrate, 

2. The semiconductor energy detector according to 
claim 1 , 

wherein a scintillator is optically connected to 
the incident surface of said semiconductor sub- 
strate. 

3. The semiconductor energy detector according to 
claim 1 , 

wherein, in said semiconductor substrate, a 
region not being depleted from the surface opposite 
to the incident surface of said semiconductor sub- 
strate to the incident surface is provided in a com- 
pletely depleted state where depletion is performed 
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from the surface opposite to the incident surface of 
said semiconductor substrate to the incident sur- 
face. 

The semiconductor energy detector according to 
claim 3, 

wherein said diffusion layer of the first con- 
ductivity type includes: 

a first diffusion layer of the f i rst conductivity type 
for separating said diffusion layers of the sec- 
ond conductivity type, said first diffusion layer 
of the first conductivity type being provided be- 
tween said diffusion layers of the second con- 
ductivity type; and 

a second diffusion layer of the first conductivity 
type formed to be wider than said first diffusion 
layer of the first conductivity type, said second 
diffusion layer of the first conductivity type be- 
ing provided on the outside of an array of said 
diffusion layers of the second conductivity type. 

The semiconductor energy detector according to 
claim 4, 

wherein asum of awidth of said diffusion layer 
of the second conductivity type adjacentto said sec- 
ond diffusion layer of the first conductivity type and 
a width of said second diffusion layer of the first con- 
ductivity type is set equal to a sum of a width of said 
diffusion layer of the second conductivity type not 
being adjacent to said second diffusion layer of the 
first conductivity type and a width of said first diffu- 
sion layer of the first conductivity type. 

The semiconductor energy detector according to 
claim 4, 

wherein said second diffusion layer of thefirst 
conductivity type is provided on a periphery of said 
semiconductor substrate. 

The semiconductor energy detector according to 
claim 1 , 

wherein a plurality of said diffusion layers of 
the second conductivity type are arrayed at a pre- 
determined interval, 

a first diffusion layer of the first conductivity 
type for separating said diffusion layers of the sec- 
ond conductivity type is provided between said dif- 
fusion layers of the second conductivity type, said 
first diffusion layer of the first conductivity type being 
comprised of the semiconductor of thefirst conduc- 
tivity type higher in impurity concentration than said 
semiconductor substrate, and 

on an outside of an array of said diffusion lay- 
ers of the second conductivity type, a second diffu- 
sion layer of the first conductivity type is provided, 
said second diffusion layer of the first conductivity 
type being formed to be wider than said first diffu- 
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sion layer of the first conductivity type and being 
comprised of the semiconductor of the first conduc- 
tivity type higher in impurity concentration than said 
semiconductor substrate. 

5 

The semiconductor energy detector according to 
claim 7, 

wherein a sum of a width of said diffusion layer 
of the second conductivity type adjacent to said sec- 
ond diffusion iayer of the first conductivity type and 10 
a width of said second diffusion layer of the first con- 
ductivity type is set equal to a sum of a width of said 
diffusion layer of the second conductivity type not 
being adjacent to said second diffusion iayer of the 
first conductivity type and a width of said first diffu- * 5 
sion layer of the first conductivity type. 

The semiconductor energy detector according to 
claim 7, 

wherein said second diffusion layer of the first 20 
conductivity type is provided on a periphery of said 
semiconductor substrate. 
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Fig. 6 
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